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Fig. 1. Schematic diagram of laser coherent imaging.
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Fig. 2. Schematic diagram of transmitting laser beam.
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Fig. 3. Schematic diagram of spectrum iteration.

4 WHALEREZ R R AR 7%

AT B R ZE R A, R T R LA ]
R 22 A A A SR K R R SR A T R,
TR AT RE, SR —FE RS R
PLARZ2 00 A R R AR A E DAL TV, 3R FLARTA] iR
ZEXT AR5 B S

4.1 BIEREFTEMFHFIENGE

I IR U (5) it — 00T, T
150 1) 5% 7 S AFT 4 1 4507 L 10 2 0 4 5 4
(L

(zAEz +yAFEy)/JAR =N (NAE¥), (7)

K, z, y 73RS FUAR AR, AEx NiZALE AL
Xy BRI EE R 2 ABy A BEALY B b
fIFLAR R PR 2.

MR GHLEEEZ ABx, ABEy 2 A%
FAE T RE (7) B, XA Y Bl R S FLAR [R) PR R 22 5
B AT 1R 22 A LA, IR 2N E, A &
FALE AR

BRI AR R S50 FLAR IR BE VR 220 2 2%
(7)), 0 mT 0 ) FL A ] P 2R 2 0 g AR i
SN, AT [R) B2 4R T A5 o B

4.2 REREFEMHEEL MR XK
R R
DAEAR R 5 00 2 A D7 R (7) SRR Tl B4k, 7
FeA il e A N = 0, £33 2fa 4k Jm 15 5 2 0
AL

xAEx + yAEy = 0. (8)

BT ARMAK B, K B SER R
LR R 1P SR AR, RT P AR PR R R R SR TR Dy

min xAFx + yAFEy,

1 < ABx < 9,

s.t. (9)
y1 < AEy < ys.
P, @y Flg 43508 T B R 5 BE 5 X il FLA [R] BE
BN KRR 72, y1 My 73 N T BB 5 Y il AL
B PR B N AR 25, AL (9) R FLAR AL B o
Ay BHFEE IR —L, < 2 < Ly; 0 <y < Ly;
L, 8T 8BRS X 4hE (50) PR R L, 9 T BURE
Y R
YR F AT LR E (v, v), JeRESL
FE R E DA R AUE AEx, ABy; & J; T BYE
GV KA i, ]SR4T — 4 AL A% R B A A 2
i fife.

4.3 MHFLRREFWNEREAGE

1) R B bR KA FTUH B 73 32, 11T
RUR S REZ FLAR 1A FE Je X BN Y HiE K L, AT L,

2) 7E — € (1) A% SEE AT A7 14 2% 11 Al A 7
P, B X FLAR TR BE /N A B K R ZE 0
Moy W E Y Bl 1) FLAR 1) PE f5 /N FH B KR 22 465 B2
v M ys.

3) LIRS EAR N RIEIAY (9), KRS H
FLAR [) BE 5% 22 B0 of A0 1% AR RS A5 0T 2 5 Vel /N 1Y)
—HEAE M.

4) A B s FLAR (] BE R 2= 50 P MO fE
b, Ui RME S R SR A B FEE I E IR ik
R ZE AP ATRE B ML, AT B K B FEE R A0 o) FLARS ) R
R 2 0 E A UG IR P T R, 3k B TR 454 AH T3
B 5T ) H .

124203-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 124203

5 REFEIFMN

283K H Wi s 51 R B (Strehl ratio, SR) Sk PF
Y 8 2 EG 5 R A E AR BR324 A (101,
SR A& 3 i B4 5 52 40 A ELAH OG5 1 19— 1 &5 2R,
JEUh B SR FE o A KR N O(f), BB BRIE &
MRANN(f), HILYEH 580 (f) FAN*(f), H
S SN (10) 2P~ T I 5 40 A7 A 8] 1 AR
SR A1, SR—M/NT 1, Bl AR B35 I 79 s P45 ek
Bl

SR =
2
O(f)N(f)dfzdfy

oo s

6 17 F LR A AT

AR BT Bl T ARG B S LA T 3
AT ARG, fEFRIFERZEVEE T, 70 BR A
PR T3 I AASK A SO v B M AR, OF
LBLP R BT 1 8% SR, € AL PPl AR ST T B
THERIRCR.

HERE X XEMY Hi BEA R LER
ZaH, AT 0T KRR R, T BRI SR,
I T B S 7 ) LA T B R 2 0 il AR it

ﬁdhdh
(10)

RN AR T BT 5 R R

FESLWEMH  WINEEE 1000 km; HAR R
2 m; T BUR PRSI FLAZ R 0.58 m; T 24 & 5 B4
X HfLEN LA, Y #fLAE A5 S, T 25
XHEK58 m, Y HIE K 2.3 m; T4 EiE
BRI 6.2 m; BOEPK 1064 nm.

6.1 FLIREEEIREXTG AR

BLAAS AR ZE a T LR R R 22, MiE 2
SH R S LA AT BE R 22 B R, 20 S A 0 1 e i
A E G EE BB SR, A FE SR E
P 5% 7 ) o g PG B 1 B SR MR . B A N R
G H AR EHE, B 508 T 8k S B9 FLA% (] P iR 22 1
0%—20% AL IE Bl A I B3 2 1 R, & 1 NAE
LR ZE PR EEEGE SR, B6 NILENREIRZE
HEZEE SR Z XA,

K4 R HREGB
Fig. 4. Original target image.
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Fig. 5. Reconstructed image of different aperture spacing errors: (a) reconstructed image of 0% error; (b) recon-

structed image of 3% error; (c) reconstructed image of 5% error; (d) reconstructed image of 7% error; (e) recon-

structed image of 8% error; (f) reconstructed image of 10% error; (g) reconstructed image of 15% error; (h) recon-

structed image of 20% error.
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Table 1. SR with different aperture spacing errors.
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Fig. 6. Relation between imaging SR and aperture

spacing error.
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Table 2. SR with different aperture spacing errors

based on the suppressing spacing error method.
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Fig. 7. Reconstructed image obtained by the suppressing
spacing error method: (a) reconstructed image of 0% er-
ror; (b) reconstructed image of 3% error; (c) reconstructed
image of 5% error; (d) reconstructed image of 7% error;
(e) reconstructed image of 8% error; (f) reconstructed im-
age of 10% error; (g) reconstructed image of 15% error;

(h) reconstructed image of 20% error.
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Abstract

Coherent field imaging is based on the assumption of equal transmitting apertures spacing and equal spectrum
of laser, and high-resolution image is reconstructed by iteratively computing the frequency spectrum. However, the
inevitable transmitting aperture spacing error of laser is a key factor to affect the coherent field imaging quality in the
application. Aiming at the problem of degrading imaging quality caused by the transmitting aperture spacing error, we
discuss the mechanism of influence of aperture spacing error on imaging quality and propose a novel method of improving
imaging quality from the perspective of suppressing the influence of transmitting aperture spacing error. Firstly, the
mechanism of the influence of aperture spacing error on imaging quality and laser echo spectrum is analyzed in detail.
Then we derive a frequency spectrum error propagation model. Based on the model, the iterative effect of frequency
spectrum error is investigated and the trend of variation in imaging quality with frequency spectrum error is given. We
propose a theoretical equation, in which the transmitting aperture spacing error has no influence on frequency spectrum
nor imaging quality. To solve the above equation, an optimized method of linear programming is proposed and the
optimized matrix of aperture spacing error is obtained. In practice, the influence of aperture spacing error on imaging
quality can be largely counteracted by reasonably allocating aperture spacing error according to the optimized spacing
error matrix. The correctness and validity of the theoretical model are verified by a simulation experiment. The results
show that the Strehl ratio of imaging quality index can be improved by about 100% through using the proposed method,
the greater the aperture spacing error, the higher the Strehl ratio of imaging quality index obtained by the method will
be. In addition, the method is easy to use practically and less costly as well. Finally, it is concluded that the proposed
method can easily and effectively counteract the degrading effect of aperture spacing error on imaging quality. The
research can provide a theoretical basis for improving imaging quality and reasonably assigning transmitter aperture

spacing accuracy of coherent field imaging telescope.

Keywords: transmitting aperture spacing error, frequency spectrum error, imaging quality, coherent
field imaging
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